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論文内容要旨
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properties of Pt particle on different carbon surfaces were Table I . Adsorption energies and charge of Pt4 on 
different carbon supports. investigated, as shown in Table I . The results presented in 
Modets E~ of Pt* (kJ/mol) charge of Pt 
this table c~early show that the Pt4 adsorption on 
-o,088, o, 172 
graphite(ll20) surface is the most stable among three pt*/graphite(ll2'~o) -692.76 o.334, 0.2cu 
[pt+ total:+0.620] 
investigated surfaces. Meanwhile, the amount of charge -o.078, o. 145 
.28 1 .74 ~ . Pt4/gra phite(ooo I ) o. 1 37, o. 147 transfer on graphite( I 120) surface rs larger than that on 
[pt+ total:+0.35 1 J 
other carbon surfaces. Moreover, "Colors" program was -o.roLo.076 
Pt4/earbon nanotube O' 1 3 1 , o, ro5 -237.35 
used to study the influence of cluster size on interaction O?t* total:+0.21l] 
using the large-scale model of Ptl3 and Pts5 Particles on 
dlfferent carbon supports. The amount of charge 
transfer increased with increasing the size of the 
adsorbed Pt cluster. Thus I predict that the use of 
suitable Pt particle and support would achieve better 
electrode catalyst for PEFC. As a consequence, the 
accurate parameters that I determined and introduced 
into "Colors" program, are very useful to study the 
complex system of supported transition metal catalyst. 
In chapter 5, to understand the support effect on Figure I Complex model of graphite(1120) supported P~ 
the oxygen reduction reaction (ORR) properties, the ctuster: (a) initial structure (O fs); (b) OOH intermediate 
ORR process over Pt4 catalyst supported on graphite( 1 1 formation (9 fs); (c) OOH dissociation (53 fs). 
20) were studied by means of "Colors" program, as 
shown in Fig. I . During ORR process, it was observed that first hydronium ion dissociates to water and proton, 
and then the proton moved to the oxygen molecule forming an OOH (shown in Fig. Ib). Finally, the produced 
OOH decomposes to oxygen atom and hydroxyl group (shown in Fig. I c). Meanwhile, the ORR mechanisms on 
p~ cluster/ graphite(OOO 1) and carbon nanotube (CNT) supported systems were also investigated. While similar 
ORR machanism was found, different rates of ORR and amount of electron transfer were observed. The ORR 
over Pt4/graphite(OOO1) and CNT are faster than ORR on Ptdgraphite( 1 1 20). The calculated results show that the 
rate of ORR is well-correlated with amount of electron transfer. Moreover, the electrical conductivity of supported 
Pt systems was also investigated. I found that the electrical conductivity with graphite(OOO l) and CNT supports 
are better than that on the graphite(1 1 20) support. The graphite(OOO1) supported Pt4 electrode catalyst shows the 
largest electrical conductivity I conclude that the higher electrical conductivity and larger amount of electron 
transfer would accelerate the rate of ORR. Hence, the graphite(OOO1) are proposed to be promising support in 
supported Pt catalysts. By introducing parameters beforehand, I confirm that the "Colors" program is of effectivity 
for investigating dynamics and electrical properties of the realistic supported transition metal catalyst systems. 
In chapter 6, with the aim to clarify the influence of different water environment on ORR, the ORR 
properties in different water environments with carbon supported Pt4 catalysts were studied by means of "Colors" 
program. At higher water content, different ORR mechanism was observed, where rapid proton transfer from 
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hydronium ion to adsorbed oxygen molecule and subsequent formation of OOH were noticed. Then, the adsorbed 
OOH reacts with other water molecule, to form three hydroxyl groups on the carbon supported Pt4 catalyst. To 
understand the reason, the electron transfer properties were analyzed. The results show that the amount of electron 
transfer of Pt particle increased with increasing the water content during each ORR process, which represents the 
effect of different water environments. The observed relationship between the amount of electron transfer and 
water environments can be used to predict the fact that the ORR is faster when the water content is higher. In the 
present study, by taking account of the complex experimental condition, the realistic electrode models were 
theoretically investigated for the first time. Finally these results indicate the possibility of the further applications 
of the tight-binging QCMD method to investigate the electrochemical reactions of the complex electrocatalyst 
systems in different water environment. 
In chapter 7, to clearly understand the influence of carbon support on the Pt-based bimetallic catalyst, the 
adsorption behavior of Pt3-M (M=Pt, Co and Fe) cluster on graphite(OOO I ) surface was studied. Comparison of the 
adsorption energies shown in Table 2 reveals that the adsorption energy decreases when one Pt substrate is 
replaced by another M. The decrease of adsorption energy Table 2. Adsorption characteristics of Pt3-M on 
leads to the enhancement of the stability of Pt3-M on a hit OOO1) surface. 
graphite(OOO 1) surfaQe. The enhanced catalyiic activity of Co Models E*ds ofPt3-M HOMO Energy 
(k J/mol) Level (eV) 
and Fe for the ORR on a carbon supported Pt alloy has also 
Pt4/ ~28 1 .74 ~5.252 been predicted. In the case of ORR occurring on electrode graphite(OOO I ) 
catalyst, electrons in the HOMO of Pt3-M/graphite(OOO1) are Pt3*Co/ -322.26 -5.403 
transferred to the LUMO of 02 (-5.916 eV). Since the LUMO graphite(OOOl) 
energy of 02 rs constant, decreasing the HOMO energy of the P~-Fe/ ~359.27 -5.361 
graphite(OOO I ) 
carbon supported electrocatalyst afier Pt alloying with Co and 
Fe leads to enhancement of electron transfer ability In summary, the 
presence of a different metallic atom (Co and Fe) in the Pt cluster 
increases the Pt cluster ability to adsorb on carbon support and 
transfer electrons to oxygen molecule. Thus, carbon together with the 
second metal (Co and Fe) participated in the improvement of Pt 
catal~ic activity. The carbon supported Pt3-M (M=Co or Fe) as 
electrocatalysts on ORR provides a possibility for new materials 
design, 
In Chapter 8, to comprehensively study the basic steps of 
propylene polymerization and support effect, I investigated the 
properties and mechanism of the first propylene insertion reaction 
catalyzed by supported Ziegler-Natta catalyst. Initial structure of the 
first propylene insertion on 4-fold Ti active site with MgC12 Supports 
is shown in Fig. 2a. The simulation results show that the complex was 
fonned in a barrierless way at the initial state of the insertion reaction 
H 
(a) 
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(b) 
(c) (d) 
Figure 2 First propylene insertion reaction on 
the Ti activated site with MgC12 support: (a) 
initial structure; (b) the stable complex; (c) 
the transition state; (d) the final product. 
I
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(Fig. 2b). Then it passed through a transition state (Fig. 2c) to form the product of first polymerization ~tep (Fig. 
2d). Moreover, it was found that the bonding of a propylene molecule to the active site was weakened, and the 
barrier to insertion of that propylene molecule into the Ti-C bond was decreased by the presence of MgC12 
supports. This is due to the MgC12 support enhanced electron donating ability of the Ti active site. The influence 
of MgC12 supports on propylene polymerization was clarified using realistic catalyst system. Therefore, I also 
successfully developed the efflcient parameters of "Colors" program to investigate the polymerization process on 
supported Ziegler-Natta catalysts. 
As a summary (chapter 9), in this thesis I contributed to the development of precise parameters for 
tight-binding QCMD method to challenge the role of interfacial electron transfer, support effect on catalyiic 
activity and electron donating ability of the realistic large-scale supported transition metal catalysts that reflect 
realistic materials. The higher catalyiic activity of supported Pt electrocatalyst was clarified to be correlated with 
both the better electrical conductivity and inteiflcial electron trasfer ability of supported Pt electrocatalyst. The 
MgC12 Support, which leads to the improvement of activity, is proposed to be promising support for Ziegler-Natta 
catalysts. The tight-binding QCMD approach, especially the introduction of accurate parameters, opens a new way 
to design and develop new supported catalyst. 
*~~, 
;'+~* 
~~ 
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 論文審査結果の要旨
 本研究は遷移金属触媒における担体の電子的および動的効果を理論的に明らかにすることを目的と
 して行われた。本論文はmghも・binαingQuan綴mChemic段1Molecu1&rDyn&micsStuδyonElectro取ic
 &ndDynamicRolesofSuppor七Ef艶ctinTr&nsitionMet&1C&talysts(遷移金属触媒における担体の電
 子的および動的効果に関する量子分子動力学的研究)」と題し、以下の9章からなる。
 第1章では、遷移金属触媒の機能解明のための理論研究の必要性について述飛ている。現実的な複雑
 な反応系を取り扱うためには新輝量子化学手法が必要であることを説明し、本論文の目的を明確にして
 いる。
 第2章では、本論文で用いた手法につ》・て説明している。独自のTight-Binding量子分子動力学法お
 よび密度汎関数法について詳説し、密度汎関数法に基づきTiゆt心血din客量子分子動力学法に用いるパ
 ラメータを決定することで高速かつ高精度の計算が実現されることを述べている。
 第3章では、密度汎関数法に基づくTigL七{Binding量子分子動力学法用パラメータの決定にういて述
 べている。原子のイオン化や軌道の広がり、軌道間相互作…用などに関すう様々なパラメーダを第一原理
 的に決定することで、次章以降の具体的応用における高精度計算の基礎を得ることに成功している。
 第4章では、白金と異なる担体との相互作用を密度汎関数法およびTighレBinding量子分子動力学法
 を用いて解析している。面方位の異なるグラファイト表面およびカーボンナノチューブとPt4微粒子と
 の相互作用を調べることで、担体が相互作用エネルギーや電荷移動量に与える影響を解明することに成
 功しているだけでなく、白金一カーボン担体相互作用り粒子径依存性の解明にも成功している。一
 第5章では、固体高分子形燃料電池(PEFC)の空気極反応ダイナミクスに与えるカーボン握体の影響
 をTight∈Binding量子分子動力学法を用いて調べている。得られた結果から、担体は反応機構には影響
 しないが、反応速度には影響していることを解明している。さらに、反応速度に対する酸素分子への電一
 荷移動量の重要性を示すことに成功している。
 第6章では、Tight・Binding量子分子動力学法を用いてPEFC空気極反応に与える含水率の影響を調
 べている。異なる含水率条件における解析結果から、白金から酸素分子への電荷移動量の含水率依存性
 を明らかにし、含水率が高い方が反応速度が速くなることを解明している。
 第7章では、密度汎関数法を用いてカーボン担持白金合金触媒が酸素分子の吸着に与える影響を調べ
 ている。計算結果に基づき、グラファイトに担持することによりカーボン担持白金合金触媒のHOMO
 準位が低下することを明らかにしている。さらに、合金化によりHOMO準位が低下することも萌らか
 にしており、カーボンヘの担持および合金化によって酸素への電子供与能が増加するとの示唆を得るこ
 とに成功している。
 第8章では・筆eglerN段tt&触媒によるプロピレンポリマー化プロセスを、Tiゆt・Binding量子分子動
 力学法を用いて調べている。担体であるMgC12の存在が、活性点Tiに電子を供与することでプロピレ
 ンの挿入反応の活性化障壁が低下し、反応が促進される効果の解明に成功している。
 第9章は、本論文の総括である。
 以上、本論文は、Tight-Binding量子分子動力学法を活用することで、従来理論解析が困難であった
 担持金属触媒における担体効果に関する新規知見を得ることに成功している。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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